We investigated the relationship between intravenous energy loading and zinc status in laparotomized rats. One of three test solutions consisting of 3% amino acid, the same amount of electrolytes (excluding zinc) and different concentrations of glucose were infused through the jugular vein for 5 d. The total energy was 109, 191 and 273 kcal/kg/d, respectively. Significantly positive correlations were observed between infusion energy and rat body weight changes (% of initial value) and between infusion energy and cumulative nitrogen balance. Regarding the zinc status, a negative correlation was found between infusion energy and plasma zinc concentration, and a positive correlation was observed between infusion energy and urinary zinc excretion. There was no significant relationship between infusion energy and hepatic zinc content. These results indicate that the zinc requirement might be increased when infusion energy is elevated and the nutritional status is improved. Zinc supplementation in the post-operative period should be considered in light of not only catabolism but also anabolism. Anabolism may be more important than catabolism in regard to zinc metabolism under relatively mild stress.
Zinc deficiency in patients receiving total parenteral nutrition (TPN) is well known. The earliest observation of this condition was reported in the 1970s (1) (2) (3) (4) . The topical symptom of zinc deficiency is skin lesions which are improved rapidly by the administration of zinc. The causes of zinc deficiency derived from the infusion solution administered as part of TPN are thought to be the amino acid (5), sugar-amine compounds (6, 7) and low zinc content in the TPN solution (8) . Urinary zinc excretion is stimulated by the infusion of amino acid. The mechanism of the increase of urinary zinc excretion caused by the infusion of sugar-amine compounds has been suggested to be the chelating action of those compounds (6, 7) . Other important factors are associated with a patient's condition (e.g., catabolism). In trauma patients and middle-to-severe surgical patients, the plasma zinc concen tration was shown to be decreased (9-I1) and the zinc excretion in their urine increased (11) (12) (13) . However, a decrease in plasma zinc was also observed in the anabolic phase of patients undergoing TPN (1, 2) . These findings suggest that the zinc requirement is influenced by several factors in post-operative patients .
Peripheral parenteral nutrition (PPN) has recently been recognized as a useful alternative to TPN because of its safety, simplicity and cost benefits. The use of PPN also avoids some of the disadvantages of TPN (e.g., the complexity of the technique and the risk of catheter-related sepsis) (14, 15) . Although PPN is a beneficial technique, the infusion energy level provided by PPN is limited. If the osmotic pressure of the solution exceeds 800 to 1,000 mOsm/L, thrombophlebitis becomes a serious problem (16) (17) (18) . For this reason, the infusion energy level in PPN is relatively lower than that in TPN. The zinc requirement of patients receiving TPN has been studied extensively, while the zinc requirement of patients receiving PPN has not yet been studied in detail. Furthermore, the relationship between infusion energy level and zinc metabolism under a parenteral nutritional regimen is not clear.
In this study, we examined the effects of the infusion energy level on body weight, plasma and hepatic zinc status, and urinary zinc excretion in laparotomized rats receiving parenteral nutrition. 
RESULTS
Significant positive correlations revealed between the infusion energy level and both body weight change and cumulative nitrogen balance over the 5d are Fig. 1 . Correlations between the infusion energy level and body weight change, and between infusion energy level and nitrogen balance for 5d in laparotomized rats (n= 5-6). Fig. 2 . Correlations between the infusion energy level and plasma zinc concentration , hepatic zinc content, and urinary zinc excretion in laparotomized rats (n=5-6). NS: not significant.
shown in Fig. 1 . Although both the body weight and nitrogen balance were changed negatively in the Low group, they improved depending on the infusion energy level. The correlation between infusion energy level and zinc status is shown in Fig.  2 . The plasma zinc concentration decreased depending on the increase of infusion energy; significant negative correlation was observed. In contrast, urinary zinc excretion was significantly increased depending on the increase of infusion energy. The hepatic zinc content was not influenced by the infusion energy level (Fig. 2) .
The plasma biochemical findings are shown in Table 2 . The total protein and albumin concentrations were not changed in the infusion groups. The BUN concentration increased depending on the infusion energy level, and significant differences were observed among the groups. The BUN level in the Low group was higher than that in the control group. There were no differences among the infusion groups regarding ALP and LDH, which are zinc metallo-enzymes. 
DISCUSSION
In this experiment, the infusion energy level was divided into three catego ries (i.e., 109, 191 and 273 kcal/kg/d). Regarding the energy requirement for parenteral nutrition in rats, Martins et al (19) showed that the energy level of 270 kcal/kg/d was suboptimal for normal rats, and that rats receiving nutrition at the energy level of 350 kcal/kg/d gained body weight more rapidly than rats at the level of 270 kcal/kg/d. Chang and Silvis (20) reported that glucose infusion into rats in excess of 300 kcal/kg/d uniformly produced gross morphological fatty liver. From these observations, the 273 kcal/kg/d (High group) energy level used in this study was reasonable, and positive body weight changes and nitro gen balance were obtained in the High group. We therefore considered that the High group was in the anabolic phase. Conversely, negative body weight changes and an almost zero nitrogen balance were observed in the Low group (109 kcal/ kg/d). In addition, the BUN level was increased when the infusion energy level was reduced. These results suggest that catabolism took place in the Low group; thus, a positive correlation was observed between infusion energy level and body weight change or nirtogen balance.
The plasma zinc concentration decreased and urinary zinc excretion increased depending on the energy intake in this study. It has been observed that the plasma zinc concentration decreased (9-11) and urinary zinc excretion increased (11) (12) (13) in surgical patients in the catabolic phase. However, we found that the plasma zinc concentration was relatively higher and the urinary zinc excretion relatively lower in the Low group (catabolic status) as compared to the High group (anabolic status). Although the zinc metabolism was observed to be influenced by amino acid infusion (5), the concentration in the solution used in that study was the same as that employed in our experiment. Kay et al (1, 2) suggested that zinc has an important role in the anabolic phase, and that its requrement increases and plasma zinc decreases during growth. Williams and Chesters (21) suggested that zinc is related to DNA and protein metabolisms. These metabolisms seem to be activated by growth, and the zinc requirement would thus be expected to increase during this period. Our present findings using laparotomized rats (3-cm abdominal incision and suture) suggest that the decrease in plasma zinc would be more influenced by anabolism than by catabolism in post-operative animals. In regards to the infusion energy level, the zinc requirement in PPN is thought to be relatively lower than that in TPN. The hepatic zinc content and plasma zinc metallo-enzyme activity were not significantly different among the infusion groups in this study . Van Rij et al (22) showed that a redistribution of body zinc occurred and the hepatic zinc content increased after trauma. The degree of trauma was severer (their model was 20% burned rats) and the infusion period was longer (7d) in their experiment than in our experiment. This may explain why we did not find any changes in hepatic zinc content and plasma zinc metallo-enzyme activity .
Based on our results and those of the above-mentioned investigations , we conclude that the zinc requirement under parenteral nutrition is affected by several factors. The requirement of zinc increases when the infused energy level is increased and the nutritional status is improved. Although the zinc requirement in PPN is relatively lower than that in TPN, zinc metabolism is probably affected by conflicting factors (i.e., those of anabolism and catabolism) . In conclusion, zinc supplemen tation to post-operative patients should be considered not only catabolic but also anabolic. The zinc requirement seems to be influenced by the two aspects . Under relatively mild stress, anabolism would be more important than catabolism .
